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■ Pl\KPOSK: Tn ri:iii.-.o :ui organic stilisi ance at s;>eetl ami uniformly without ittovas- 
iiijr a U::i|ht:.:«iv ol a substance in k' pn»ce>sed by a mctluKi wherein oxygen r.as 
' ccMamiui! ozone is lieatetl in advau- e and then flows ami mure than a pieMTibed 
amount of oxygon ^as i*i»ntamiiu: ozone which is heated ami supplied flows from 
two or more places to . narrow space on the surface of the substrate by usin^ a 
partition plate cnm|»ose<! ..| an ultraviolet ItansmittinK material. 

n-NSTITlTION: A l : Vrays radiating discharge lamp 1 is arraiiKod on a face whose 
area is lar^T than an area of a substrate lo lx- processed; ins in.- a lamphousc 10. 
e.>:.. nitrn^cn gas is introduce*! from an inlet |wrt 7 and is discharged from an outlet 

f pan 7' ; a region around the lamp 1 is purKed. Two or more quartz lubes 5 arc ar- 
ranged at a pa:!ii:«iii plate 2 composed of synthetic quartz; oxygen jrns containing 
ozone is blown !tiun inlet ports 8 onto the surface of the substrate 3 to be pn»cessed. 
The uxynen j;as containing ozor.e is heated by usin^ heaters 6 ar.'. mjed around the 
quartz lubes f>. By this setup, an organic substance is removed at hitjh speed and 
uniformly without increasing a temperature of the substrate to be processed so much; 
it is |K>ssible to prevent an impurity contained in the organic substance from being 
diffused into the substrate and a circuit. 






(19) Japanese Patent Office (JP) 
(12) Official Gazette for Unexamined Patent Applications (A) 

* • • - ■ 

(11) Japanese Patent Application Kokai Publication No. S64-042129 
(43) Publication Date: February 14, 1989 

Number of Claimed Inventions: 1 (total of 4 pages) 
Request for Examination: Not requested . 



(51) International Class. 4 Identification No. 
HOI L 21/30 361 
21/302 

21/304 



JPO File No. 

R-7376-5F 

B-8223-5F 

H-8223-5F 

L-7376-5F 



(54) Name of Invention: 

(21) Application No.: 

(22) Application Date: 



Cleaning Method for the Removal of Organic Matter 
S62- 198075 

August 10, 1987 



(72) Inventor: Kenichi Kawazumi 

Inside the Oume Plant of Hitachi, Ltd. 
. 888 Fujihashi 
Oume City, Tokyo 

(72) Inventor: Akiisalnada 

Inside the Oume Plant of Hitachi, Ltd. 
888 Fujihashi 
Oume City, Tokyo 

(71) Applicant: Hitachi, Ltd. 

4-6 Kanda Surugadai 
Chiyoda-ku, Tokyo 

(74) Agent: Katsuo Ogawa, Patent Attorney (and one other person) 



Specifications 



1. 



Name of Invention 



Cleaning Method for the Removal of Organic Matter 



2. 



Claims 



1. A cleaning method for the removal of organic matter.is characterized by the following: organic 
matter along the surface of a substrate that is to undergo a treatment process is decomposed and gasified 



through the irradiation of ultraviolet light onto the substrate surface along with the delivery of oxygen gas 
containing ozone against said surface; the radiation source for said ultraviolet light is a low-pressure, mercury 
lamp which is installed within a lamp housing that is purged with a gas that does not generate ozone; located 
between said lamp housing and the surface that is to undergo the treatment process is. a partition plate made of 

* 

material that can be penetrated by the ultraviolet light rays; oxygen gas containing heated ozone is delivered 
between this partition plate and the surface that is to undergo the treatment process; the substrate that is to be 

■ . ♦ 

treated is positioned on top of a revolving stage so that it can be rotated during the treatment process. 

2. The cleaning method for the removal of organic matter noted in Claim 1 is further characterized 
by the fact that the maximum temperature for the oxygen gas that contains the heated ozone is 150°C and the 

* ■ t • 

maximum temperature for the substrate that is to be treated is 250°C 

3. The cleaning method for the removal of organic matter noted in Claim 1 is further characterized 
by the fact that the quartz partition plate contains multiple quartz tubes used to deliver the oxygen gas 
containing the ozone. By heating the outside of these quartz tubes, the oxygen gas containing the ozone is 
heated to a specified temperature as it travels through the tubes. 

4. The cleaning method for the removal of organic matter noted in Claim 1 is further characterized 
by the fact that the maximum distance between the quartz partition plate and the surface of the substrate that is 
to be treated is 0.5 mm. Given a surface area of the substrate S (cm 2 ) and a total flow rate V (cm 3 /min.) of the 
oxygen containing the heated ozone, V/S > 20. 

5. The cleaning method for the removal of organic matter noted in Claim 1 is further characterized 
by the fact that the revolving stage rotates a minimum of five times per minute during the treatment process. 

3. Detailed Description of the Invention 
industrial Field of Application> 

This invention pertains to a cleaning method in which organic matter is removed, particularly with 
respect to the suitable removal of organic resist on top of a semiconductor wafer. 
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<Prior Art> 

An example of a prior method is noted in Patent No. S58-0 15939, and this treatment method is known to 
call for the delivery of oxygen gas containing ozone onto the surface of a substrate that is to undergo treatment, 
as well as the irradiation of ultraviolet light onto this surface, with the maximum temperature of the substrate set 

♦ t 4 

to 260°C. 

<Problem to be Solved by the Invention> 

* 4 * 

The prior art noted above does not take into consideration the dispersion of impurities from within the 
organic resist into the substrate circuit. Furthermore, this also does not consider the uniform cleaning and 
removal of organic matter from the substrate as a whole, which can cause a problem from the standpoint of 

♦ ■ 

production yield and uniformity of qualify. 

t 

The purpose of this invention is to provide a new cleaning method for the removal of organic matter in 
which a reduction in quality due to the dispersion of impurities from within an organic material into a substrate 
circuit can be prevented and in which the treatment process can be conducted within a short amount of time and 
in a uniform fashion. 

<Means for Solving the Problem> 

* * * . 

One of the objectives noted above is achieved through the flow of a pre-heated oxygen gas for the 
delivery of the ozone included within the gas. Specifically, this objective is achieved when a specified amount 
of the oxygen gas containing the ozone that is delivered in a heated state is allowed to flow from several 
locations into the narrow spaces along the substrate surface by using a partition plate comprised of a material 
such as quartz, which can be penetrated by ultraviolet light rays. 

■ 

■ ■ 

<Operation> 

The ultraviolet light rays have two functions, the first of which is to fragment the bonds within the 

• ■ 

■ * 

organic matter, and the second of which is to decompose ozone in order to generate active oxygen. Through the 
heating and delivery of oxygen gas that contains ozone, the reactivity of the active oxygen atoms is increased, 
and at the same time, the temperature along the surface of the organic material is increased, resulting in active 

* # 

gasification of the organic matter. The ultraviolet light permeates the quartz partition plate to arrive at the 



surface that is to undergo the treatment process. The preferred distance between the quartz partition plate and 
the surface to be treated is a maximum of 0.5 mm. Thus, the amount of absorption of ultraviolet light as a result 
of the ozone that is introduced between the two is controlled, which not only keeps the irradiation amount of 
ultraviolet light against the treatment surface from becoming too weak, but also generates active oxygen atoms 

■ • 

• ■ * ■ m 

near the treatment surface, making it easy for a reaction to occur between the organic matter and the active 
oxygen atoms. Given a surface area S (cm 2 ) of the treatment surface and a flow rate V (cmVmin.) of the oxygen 

w • 

containing ozone, the delivery of oxygen gas containing heated ozone in which case V/S > 20 quickly causes 

. * > ■ 

the gas that is generated through the reaction with the organic material to be eliminated, making it easier for the 

* . * . * 

newly generated active oxygen atoms to hit up against the new surface of the organic material. The oxygen gas 
containing the heated ozone is delivered from several exit ports onto the treatment surface. This combined with 
the rotation of the treatment surface results in a cleaning action in which organic material is removed at a 
uniform speed along the entire surface. 

If the uniformity of the operation is poor, the portions of the surface in which the cleaning and removal 

» 

of organic matter is quickly conducted will receive an extended amount of ultraviolet irradiation, resulting in 
high-energy damage within the substrate circuit that will cause a drop in the quality of the substrate circuit. This 
is why it is important to maintain a uniform cleaning and removal operation along the entire surface. 

■ * * 

By maintaining a.maximum temperature of 150°C for the oxygen gas containing the ozone as it is being 
delivered, this will prevent thermal decomposition of the ozone and will minimize the cooling of the surface as 
a result of the gas delivery, resulting in a high-speed cleaning and removal operation. By maintaining a 
maximum temperature of 250°C for the substrate that is undergoing treatment, it is possible to minimize the 
dispersion of impurities into the substrate circuit from within the organic matter located on the substrate surface. 

<Embodiment> 

The following is an embodiment of this invention in which Figure 1 is used for explanation. In Figure 1, 

the ultraviolet radiation lamp 1 covers a surface that is greater than the surface area of the treatment substrate 3. 

. ■ 

* 

* m 

Within the lamp housing 10, nitrogen gas, for example, is taken in through the intake port 7 and sent out from 

■ * ■ 

the exit port T in order to purge the area surrounding the lamp. A partition plate 2 comprised of a composite 



• quartz material is equipped with several quartz tubes 5, and oxygen gas containing ozone is. drawn in through 
the intake port 8 such that it is applied to the surface of the treatment substrate 3. A heater 6 that is installed 

around the circumference of the quartz tubes 5 heats the oxygen gas containing the ozone. The distance between 

*' • ■ 

the quartz partition plate 2 and the surface of the treatment substrate 3 is set to 0.5 mm. The treatment substrate 
3 is vacuum fit onto a revolving stage 4. The organic matter along the surface of the treatment substrate 3 reiacts 

with the active oxygen, which was created by decomposing the ozone with ultraviolet light, and this organic 

i 

m " * * 

* 

matter is gasified to become GO2, H 2 0, etc., after which it is discharged through the exit port 9. 

« 
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Here, the ultraviolet radiation lamp is a low-pressure mercury lamp with luminous tubes made from 
composite quartz that radiate light with wavelengths of 185 nm, 254 nm, etc. The average illumination of a light 
with a wavelength of 254 nm along the surface of the treatment substrate is 60 (mw/cm 2 ), and the temperature 
of the treatment substrate on the revolving stage is 250°C. The oxygen gas containing ozone at a level of 4% by 

» * 

volume is heated to 150°C, and this heated gas is emitted from three of the discharge ports onto a 5-inch wafer 
at a rate of 5,000 cm per minute. This heated gas then flows through a space measuring 0.2 mm between the 

■ ♦ 

quartz partition plate and the surface of the substrate that is undergoing treatment The revolving stage is set to 

♦ * 

rotate 10 turns per minute. In this case, the speed at which the organic resist is removed is 1.5 jj/min near the 
center of the wafer and 1 .0 fi/min near the circumference of the wafer. 

« 

In the same fashion, when the temperature of the treatment substrate on the revolving stage is set to 

2:50°C and the oxygen gas containing the ozone is not heated, the removal speed of the organic resist is 1.0 

• . * * 

ji/mih near the center of the wafer and 0.5 |i/min near the circumference of the wafer: 

♦ 

Then, in the case where the temperature of the treatment substrate on the revolving stage is set to 300°C 
and the oxygen gas containing the ozone is heated to a temperature of 150°C, the removalspeed of the organic 
resist is 2.0 fi/min near the center of the wafer and 1.0 fi/min near the circumference of the wafer. However, in 
this case the impurities within the organic material (Na, K, etc.) become dispersed within the insulating silica 

• ■ * * * ■ 

layer, which is an unfavorable condition. 

c 

In the same fashion, when the temperature of the treatment substrate is set to 250°C and the oxygen gas 
containing the ozone is heated to a temperature of 150°C such that [the respective] V/S = 15 and 20, the 
respective removal speeds are 0.6 \i and 0.8 \i near the center of the wafer and 0.3 \i and 0.5 \i near the 
circumference of the wafer. This provides a better condition since V/S > 20. 

Furthermore, given a case in which the temperature of the treatment substrate is set to 250°C and the 

• 4 * 

oxygen gas containing the ozone is heated to a temperature of 150°C such that V/S = 44, and given that one of 
the exit ports for the delivery of the oxygen gas is located near the center of the wafer, the removal speed of the 

* 

organic matter is 1.5 n/min near the center of the wafer and 0.2 p/min near the circumference of the wafer, 

... 

which indicates a poor level of uniformity. 



Based on the above conditions, when three exit ports are used and [the respective] numbers of rotations 
of the revolving stage are 0, 3, and 5 per minute, the respective maximum values for the removal speed of the 
organic resist are 1.6, 1.3, and 1.2 ji/min, and the respective minimum values are 0.2, 0.3, and 0.5 p/min. This 

makes it clear that the preferable number of rotations of the revolving stage is a minimum of five per minute. 

■ 

As noted above, this embodiment has the effect of achieving a uniform removal of organic matter at a 
high speed without the need for heating the treatment substrate to a very high level, and since the treatment 

* * - 

substrate does not have to be heated to a very high level, it becomes possible to effectively prevent the 
dispersion of impurities (particularly alkaline metals) onto the substrate and within the circuit from within the 

* 

organic material. 

<Effect of the Invention> 

This invention provides a uniform removal of organic matter at a high rate of speed without increasing 
the temperature of the substrate that is to undergo treatment, and this makes it possible to provide a high-yield, 
high-quality method for the production of semiconductors in which the dispersion of impurities (such as 
alkaline metals) into the substrate circuit from within the organic resist material can be reduced. 
4. Simple Explanation of the Drawing 

Figure 1 is a conceptual drawing of the device used for the purpose of embodying this invention. 
1 : Ultraviolet radiation lamp 
2: Quartz (composite quartz) partition plate 
3: Treatment substrate (containing organic matter on the surface) 
4: Revolving stage 
5: Quartz tube 
6: Heater 

8: Intake port for oxygen gas containing ozone 
12: Space between items 2 and 3 

■ 

» 

■ * 

Agent: Katsuo Ogawa, Patent Attorney 
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Figure 1 
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(54) CLEANING AND REMOVAL OP ORGANIC SURSTANCB 

(U) i-42i2!i iai kym \ 0. ) 

r-Mi-Appi. No. r.2 !«js(irr, vs2) :<».$.; *- : 7 

CM HITACHI ITU C>) KhMCir KAWASUMKIi 

(r»u int. ci*. ii!iiL2: :ui.ii(iiL2i/:i(i2.:ioii:-i::uM t 



• I'lMSI'OSK: To rtiii«..i' :u; i»i>::i:mc substance at » ieji s;teed and uniformly without iucivas- 
iui* a Uj.iprr:.*uiv ol a substance In lie" piWv>s«.*d by a methjui "wlH-rein oxygen" gas 
contain itij* ozone is heated in arivau-c and then flow* and .nunv i!ian a piexfibrt! 
amount nf oxygen gas 'containing ozone which is heated ami supplied flows from 
two ur inure plan-* to . narrow space mi the surface of the substrate by using a 
partition plate composed « -i a:i uitrax inlet transmitting material. 

iVXsiTITl-TlON: A CV-rays radiating- discharge lamp I is arranged .m a lace whi.se 
area is larger than an area of a substrate to l)e processed; in>iu«- a lamphousc 10. 
e.g.. nitrogen gas is introduce I from an. inlet purl 7 and is discharged from an outlet 
pan 7" ; a region around the lamp I is purged. Two or more quartz tubes 5 are ar- 
ranged at a pa:!it:>.u plate 2 composed of synthetic quartz: oxygen gas containing 
ozone is blown tinm inlet ports $ onto the surface of the substrate 3 to be processed. 
The oxye.cn gas coniaininjj ozone is heated by using centers 6 an. r.ged around the 
quartz tulies 5. I3y this setup, an organic substance is removed at high speed and 
uniformly without increasing a temperature of the substrate to be processed so much; 
it is possible to prevent an impurity contained in the organic substance from being 
diffused into the substrate and a circuit. 
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